Relative increase of grade 4 and presence of invasive cribriform and/or intraductal carcinoma have individually been associated with adverse outcome of Gleason score 7 (GS 7) prostate cancer. The objective of this study was to investigate the relation of Gleason grade 4 tumor percentage (%GG4) and invasive cribriform and/or intraductal carcinoma in GS 3+4 = 7 prostate cancer biopsies. We reviewed 1031 prostate cancer biopsies from the European Randomized Study of Screening for Prostate Cancer. In total 370 men had G3+4 = 7. The relation of invasive cribriform and/or intraductal carcinoma and %GG4 with biochemical recurrence-free survival (BCRFS) after radical prostatectomy (n = 146) and radiation therapy (n = 195) was analyzed using Cox regression. Invasive cribriform and/or intraductal carcinoma occurred in 7/121 (6%) patients with 1-10% GG4, 29/131 (22%) with 10-25%, and 52/118 (44%) with 25-50% GG4 (Po 0.001). In crude analysis, both invasive cribriform and/or intraductal carcinoma (HR 2.72; 95% CI: 1.33-5.95; P = 0.006) and 10-50% GG4 (HR 2.43; 95% CI: 1.10-5.37; P = 0.03) were associated with BCRFS after prostatectomy. In adjusted analysis, invasive cribriform and/or intraductal carcinoma was an independent predictor for BCRFS (HR 2.40; 95% CI: 1.03-5.60; P = 0.04) after prostatectomy, whereas percentage %GG4 (HR 1.00; 95% CI: 0.97-1.03; P = 0.80) was not. While invasive cribriform and/or intraductal carcinoma (HR 2.58; 95% CI: 1.59-4.21; P o0.001) performed better than 10-50% GG4 (HR 1.24; 95% CI: 0.67-2.29; P = 0.49) for prediction of BCRFS after radiation therapy, both parameters were insignificant in analysis adjusted for prostate-specific antigen (P = 0.001), positive biopsies (Po 0.001) and tumor volume (P = 0.05). In conclusion, increased %GG4 is associated with invasive cribriform and/or intraductal carcinoma in GS 3+4 = 7 prostate cancer biopsies. Invasive cribriform and/or intraductal carcinoma is an independent parameter for BCR after prostatectomy, whereas %GG4 is not. The presence of invasive cribriform and/or intraductal carcinoma has to be included in pathology reports and should act as exclusion criterion for active surveillance. The Gleason score (GS) is an important pathologic parameter for risk stratification and therapeutic decision making in prostate cancer patients. While many patients with GS 6 are eligible for surveillance, active treatment is generally preferred in men with GS 3+4 = 7 cancer. GS 3+4 = 7 prostate cancer shows considerable heterogeneity in pathologic features, molecular background, and clinical outcome. For optimal individual therapeutic decision making, therefore, risk stratification of men with GS 3+4 = 7 prostate cancer is crucial.
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As GS at biopsies is determined by adding the predominant and highest Gleason grade, GS 3+4 = 7 encompasses cancer with variable quantities of Gleason grade 4 patterns ranging from o 5% to up to 50%. 1, 2 The risk of biochemical recurrence (BCR) after radical prostatectomy is incremental with the percentage of Gleason pattern 4 at the surgical specimen. [3] [4] [5] On the other hand, it has been shown that cribriform pattern Gleason grade 4 is associated with BCR and disease-specific death. [5] [6] [7] [8] [9] Finally, the presence of intraductal carcinoma of the prostate (IDC-P), representing a malignant epithelial proliferation within pre-existent dilated glandular structures, is a marker for aggressive disease behavior. 7, [9] [10] [11] Invasive cribriform Gleason grade 4 prostate cancer and intraductal carcinoma show overlapping morphologic features, and might be difficult to differentiate without basal cell immunohistochemistry. For practical purposes, therefore, we have labeled invasive cribriform and intraductal growth pattern as one group. 7 While Gleason grade 4 tumor percentage (%GG4) and presence of invasive cribriform and/or intraductal carcinoma are both of clinical importance for risk stratification of GS 3+4 = 7 patients, it is unclear how both pathologic parameters are related and whether they both provide independent clinical information. The aim of the current study was to analyze the relation between both parameters on diagnostic biopsies, and to determine their relevance in predicting clinical outcome in GS 3+4 = 7 prostate cancer patients.
Materials and methods

Patient Selection
We included all 1078 men from the first screening round of the Dutch part of the European Randomized Study of Screening for Prostate Cancer (ERSPC), who had been diagnosed with prostate cancer between November 1993 and March 2000 in Erasmus Medical Centre, Rotterdam, The Netherlands. The trial protocol has been published previously. 12, 13 After pathologic review of all available slides (n = 1054) and exclusion of men with metastatic disease at the time of diagnosis (n = 23), we selected patients with overall biopsy GS 3+4 = 7 for the current study (n = 370).
Pathological Evaluation
Three investigators (CK, IK, GvL), who were blinded to patient information and outcome, revised all pathological slides in common sessions. For each biopsy core we recorded GS according to the 2014 International Society of Urological Pathology (ISUP) recommendations, total biopsy length, total tumor length, estimated Gleason grade 4 tumor percentage, presence of invasive cribriform pattern, and intraductal carcinoma. 2 Since distinction of invasive cribriform and intraductal carcinoma lacks clinical relevance in the majority of cases and might be difficult, if not impossible without the use of immunohistochemistry, we labeled both patterns as one group (CR/IDC) as was also suggested by the ISUP 2014 consensus conference 2,7 ( Figure 1 ). Mean tumor percentage per patient was defined as the sum of total tumor length (mm) divided by the sum of total biopsy length (mm). %GG4 was determined by dividing the total length of invasive Gleason grade 4 and intraductal carcinoma by the total tumor length in all biopsies.
Clinical Follow-up
After diagnosis and initial treatment, patients were semiannually monitored by chart review to assess potential progression and secondary treatments. BCR was defined as prostate-specific antigen (PSA) levels of ≥ 0.2 ng/ml assessed at two consecutive time points 43 months apart after radical prostatectomy, or any PSA increase 42 ng/ml higher than the PSA nadir value after radiation therapy. 14 
Statistical Analysis
For comparison of %GG4 with clinical and pathologic parameters, we grouped the cases as follows: 40% and o 10%, ≥ 10%, and o 25%, and ≥ 25% and o 50% Gleason grade 4 pattern. Continuous parameters were analyzed by the Kruskal-Wallis test, categorical parameters by the Pearson's χ 2 test. We estimated survival probabilities using the Kaplan-Meier method. Unadjusted comparisons for survival time were made using log-rank tests with censoring of men lost to follow-up. Crude and adjusted hazard ratios (HRs) for survival time were calculated using Cox proportional hazards regression. All statistical analyses were performed in SPSS version 21 (IBM, Chicago, IL, USA). Two-sided P-values of o 0.05 were considered statistically significant.
Results
Patient Characteristics
A total of 370 patients with overall biopsy GS 3+4 = 7 prostate cancer were identified (Table 1) . One hundred and twenty-one patients (33%) had o 10% GG4 component, 131 men (35%) had 10-25% GG4 and 118 (32%) had 25-50% GG4. Age (P = 0.001), PSA (P o 0.001) and biopsy tumor volume (P = 0.001) were all significantly higher in tumors with a greater %GG4. The mean percentage of positive biopsy cores was higher in men with o 10% GG4, in whom only four patients had one positive biopsy core (P = 0.01).
The primary therapeutic interventions for the entire cohort were radical prostatectomy (n = 146; 39%), radiation therapy (n = 195; 53%), watchful waiting (n = 25; 7%) and endocrine therapy (n = 3; 1%). Radiation therapy was performed more often Cribriform growth and % grade 4 in prostate cancer (P = 0.02) and radical prostatectomy less frequently (P = 0.04) in patients with higher %GG4. Prostate cancer-specific death occurred in 4 (3%), 6 (5%) and 13 (11%) men with o 10%, 10-25% and 25-50% GG4 component, respectively (log rank, P = 0.02). Invasive cribriform and/or intraductal carcinoma was observed in 88 GS 3+4 = 7 patients (24%). Invasive cribriform and/or intraductal carcinoma was present in 7/121 (6%) men with o 10% GG4, in 29/131 (22%) men with 10-25% GG4 and 52/118 (44%) men with 25-50% GG4 pattern (P o 0.001). Mean PSA level in men with invasive cribriform and/or intraductal carcinoma was 12.9 ng/ml (median 5.2; IQR 8.7-13.7 ng/ml) and 8.5 ng/ml (median 4.0; IQR 5.8-8.7 ng/ml) in men without (P = 0.001). Biopsy tumor volume was 56% (median 40%; IQR 55-70%) and 41% (median 23%; IQR 39-56%) in men with and without invasive cribriform and/or intraductal carcinoma (P o 0.001), respectively. Mean %GG4 was 28% (median 14%; IQR 24-33%) in men with invasive cribriform and/or intraductal carcinoma and 16% (median 6%; IQR 12-24%) in those without (P o 0.001).
Radical Prostatectomy
The mean follow-up after radical prostatectomy was 14.6 years (median 15.5; IQR 14.0-17.2 years), with 35/146 (24%) men experiencing BCR after 5.8 years (median 4.4; IQR 2.0-9.2 years). BCR occurred more often in men with 10-25% (log rank, P = 0.04) and 25-50% GG4 (log rank, P = 0.03) than in those with o 10% GG4, but was not statistically different between the three groups (log rank for trend, P = 0.08). The presence of invasive cribriform and/ or intraductal carcinoma was associated with postoperative BCR (log rank, P = 0.004). In bivariate Cox regression analysis, invasive cribriform and/or intraductal carcinoma (HR 2.73; 95% CI: 1.22-6.10; P = 0.04) was associated with BCR-free survival (BCRFS), whereas %GG4 as continuous parameter (HR 1.00; 95% CI: 0.98-1.03; P = 0.99) was not. Adjusted analysis for age, PSA, percentage positive biopsies, tumor volume revealed invasive cribriform and/or intraductal carcinoma (P = 0.04) as the only independent parameter for BCRFS after radical prostatectomy (Table 2) .
Since recent surveillance protocols include GS 3 +4 = 7 patients with low amounts of GG4 pattern, we also analyzed the predictive value of dichotomized %GG4. 15, 16 In crude regression analysis, men with 10-50% GG4 were at elevated risk for BCRFS as compared with those o 10% GG4 (HR 2.43; 95% CI: 1.10-5.37; P = 0.03). In bivariate analysis, the presence of invasive cribriform and/or intraductal carcinoma (HR 2.33; 95% CI: 1.12-4.84; P = 0.02) was predictive for BCRFS, while 10-50% GG4 did not meet conventional measures of statistical significance (HR 2.12; 95% CI: 0.95-4.74; P = 0.07).
Radiation Therapy
The mean follow-up after radiation therapy was 11.9 years (median 13.1; IQR 8.4-15.9 years). In total, 72 out of 195 (37%) men experienced BCR after 5.7 years (median 4.9; IQR 3.4-7.6 years). BCR occurred more frequently in patients with higher %GG4 (logrank test for trend, P = 0.02) and in men with invasive cribriform and/or intraductal carcinoma (log rank, P o 0.001). In bivariate Cox regression analysis, invasive cribriform and/or intraductal carcinoma (HR 2.43; 95% CI: 1.49-4.00; P o 0.001), but not % GG4 (HR 1.01; 95% CI: 1.00-1.03; P = 0.14) was associated with BCRFS. Adjusted analysis showed that PSA (P = 0.001), number of positive biopsies (P o 0.001) and tumor volume (P = 0.05) were independently predictive BCRFS after radiation therapy, while %GG4 (P = 0.19) and invasive cribriform and/or intraductal carcinoma (P = 0.53) were not ( Table 3) . Dichotomization of %GG4 revealed no statistically significant difference in BCRFS between men with o10% and 10-50% GG4 (HR 1.67; 95% CI: 0.93-3.00; P = 0.09). Bivariate analysis showed that invasive cribriform and/or intraductal carcinoma (HR 2.58; 95% CI: 1.59-4.21; P o 0.001) was predictive for BCRFS, while 10-50% GG4 was not (HR 1.24; 95% CI: 0.67-2.29; P = 0.49).
Discussion
Recent studies have indicated that relative quantity of GG4 pattern and presence of invasive cribriform and/or intraductal carcinoma are promising parameters for risk stratification of GS 3+4 = 7 prostate cancer patients. In this study, we demonstrated that increased GG4 pattern was strongly associated with the presence of invasive cribriform and/or intraductal carcinoma. Patients with o 10% GG4 had invasive cribriform and/or intraductal carcinoma in 6%, while it was present in 44% of men with 25-50% GG4. In bivariate analysis, invasive cribriform and/or intraductal carcinoma was an independent parameter for BCR after radical prostatectomy and radiation therapy, while %GG4 as nominal or dichotomized parameter was not. In adjusted analysis, invasive cribriform and/or intraductal carcinoma was an independent parameter for BCR after radical prostatectomy, but not after radiation therapy. These results indicate that the worse outcome of men with high %GG4 might be explained by more frequent presence of invasive cribriform and/or intraductal carcinoma in this group. Our results on the clinical relevance of %GG4 and invasive cribriform and/or intraductal carcinoma are in line with previous studies. In a large number of radical prostatectomies, Sauter et al. 4 found that increased %GG4 went together with BCR. While % GG4 pattern in GS 3+4 = 7 biopsies has been associated with adverse features at radical prostatectomy, it was not an independent predictive factor for postoperative BCR. 17, 18 Biopsy invasive cribriform growth and/or intraductal carcinoma are related to non-organ-confined disease as well as BCR after radical prostatectomy and radiation therapy. 11, [19] [20] [21] Choy et al. 5 found independent prognostic value of both %GG4 and invasive cribriform architecture on radical prostatectomy for BCR. The discordance with the current study might be explained by the fact that we determined %GG4 at diagnostic biopsies instead of radical prostatectomy specimens, and that Choy et al. 5 did not include intraductal carcinoma in their analysis.
The clinical relevance of intraductal carcinoma, invasive cribriform carcinoma and percentage Gleason grade 4 is increasingly being acknowledged. The World Health Organization and ISUP recommend that presence of intraductal carcinoma is routinely mentioned in pathology reports and that %GG4 is reported in GS 7 prostate cancer patients. 2, 22 Percentage GG4 is currently applied as a novel parameter for inclusion of GS 3+4 = 7 prostate cancer patients in some active surveillance protocols. 15, 16 Yamamoto et al. 23 for instance found that GS 3+4 = 7 patients with o 5% GG4 on surveillance did not experience metastasis. Although the presence of invasive cribriform growth and/or intraductal carcinoma has not been formally acknowledged yet as an exclusion criterion for surveillance protocols, it has been suggested to exclude patients with intraductal carcinoma from surveillance. 24 The results of our study implicate that invasive cribriform growth and/ or intraductal carcinoma might be a more reliable factor for therapeutic stratification than %GG4 only, and should be included in pathology reports.
Considerable interobserver variability exists in differentiating GS 3+4 = 7 and GS 6 on biopsies. [25] [26] [27] [28] We expect that this variability is mainly present in cases with low %GG4, which has been one of the rationales for including GS 3+4 = 7 patients with low %GG4 in surveillance protocols. 15, 16 Grading variability is most prominent in distinguishing ill-formed and fused GS 7 glands from tangentially sectioned GS 6 glands, while concordance on cribriform growth is generally much better. 25, 26 The reproducibility of cribriform growth further supports the potential relevance of invasive cribriform and/or intraductal carcinoma for therapeutic decision making.
In this study, we applied overall instead of highest GS 3+4 = 7 as inclusion criterion. 7 Since GS might differ between separate cores of the same biopsy session, the overall GS presumes that all biopsies are part of the same tumor. This means that a patient could have positive biopsies with GS 6, 3+4 = 7, 4 +3 = 7 or 4+4 = 8 as long as the total %GG4 is o 50%. In contrast, highest GS 3+4 = 7 excludes patients with GS 4+3 = 7 and GS 4+4 = 8 in single biopsy cores. We have not selected for highest GS 3+4 = 7 in this study since this would have excluded patients with overall o 50% GG4. Other groups have shown improved performance of overall versus highest GS in biopsies, challenging clinical practice to classify patients according to the highest GS. 4, 17 In this study, regression analysis of %GG4 dichotomized at a cutoff 10% performed better than %GG4 as continuous parameter. Postoperative BCR between patients with 25-50% GG4 was not statistically significant from men 10-25% GG4. Such a trend was also found by others, and is probably due to small sample size. 18 Despite the lack of independent prognostic value of %GG4, GG4 quantity might still be of interest for further studies. Since this study with long term follow-up was performed on sextant biopsies in 1990s, it is important to further elaborate on the predictive value of biopsy %GG4 and invasive cribriform and/or intraductal carcinoma in the current era of multiple and MRI-targeted biopsies.
In conclusion, we demonstrate that increased % GG4 is associated with a higher frequency of invasive cribriform and/or intraductal carcinoma in GS 3+4 = 7 prostate cancer biopsies. Invasive cribriform and/or intraductal carcinoma is an independent parameter for BCR after radical prostatectomy, while %GG4 is not. Therefore, stratification for invasive cribriform and/or intraductal carcinoma could be more reliable for inclusion of GS 3+4 = 7 prostate cancer patients in active surveillance than %GG4 alone. The presence of invasive cribriform and intraductal carcinoma should therefore routinely be included in pathology reports.
